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Found in the cells of all organisms, chromosomes are structures sensitive to ultrastructural damage. Chromatin breaks most often take place after exposure of the genome to mutagenic chemicals or radiation. This results in mutual exchange of the corresponding fragments of chromosome sister chromatids (sister chromatid exchange, SCE). This process occurs spontaneously in every organism, but is also an indicator of the mutagenic potential of various factors. The SCE test is often used to study chromosomal instabilities resulting from the environmental prevalence of many potential mutagens, as exemplified by overused pesticides (ZELJEZIC & GARAJ-VRHOVAC 2002) .
Both arctic (Vulpes lagopus L. 1758) and silver foxes (Vulpes vulpes L. 1758) are mammals in the order Carnivora, family Canidae. They are interesting as an object of scientific study due to the presence of chromosome number polymorphism in their genomes. Chromosomal polymorphism in the arctic fox is due to centric fusions, and in the silver fox it is associated with the presence of additional B chromosomes in the karyotype (BUGNO-PONIEWIERSKA et al. 2013) . The arctic and silver fox karyotypes vary as a result of chromatin insta-bility in the genomes of these species, leading to cytogenetic diversity in these animals.
The normal karyotype of the arctic fox is 2n=50 and shows little structural variation of the chromosome complement. In the autosomes, 22 pairs of biarmed chromosomes (NF=88) of meta-(M, m) and submetacentric types (SM, sm), and 2 pairs of acrocentric chromosomes (A) were identified . The X chromosome is metacentric and the acrocentric Y chromosome is the smallest element of the karyotype. A centric fusion (Robertsonian translocation) occurring in the fox karyotype is responsible for variation (polymorphism) in the diploid number of chromosomes (2n), which may vary from 2n=48 (homozygous form), 2n=49 (heterozygous form) to 2n=50 (normal form) among individuals (MAKINEN & GUSTAVSSON 1980; OEWITOÑSKI 1981; CHRISTENSEN & PEDERSEN 1982) . The aberration occurs between acrocentric autosome pairs 23 and 24, resulting in a large biarmed chromosome of metacentric (M) type (CHRISTENSEN & PEDERSEN 1982; MØLLER et al. 1985) .
The silver fox karyotype is represented by two groups of chromosomes: large and small chromosomes (BASHEVA et al. 2010; BUGNO-PONIE-WIERSKA et al. 2015) . The basic chromosome complement of 2n=34 (NF=67) is formed by macrochromosomes, which have a meta-(22 chromosomes) and submetacentric structure (10 chromosomes plus the X sex chromosome). The Y chromosome is a small acrocentric that is difficult to distinguish from B chromosomes without differential staining (MAKINEN 1985) . Unlike the constant number of macrochromosomes, the number of B chromosomes was estimated to vary between 0 and 10 ( BASHEVA et al. 2010) . The number of B chromosomes was initially reported to be 0-7 (GRAPHODATSKY et al. 2005 after BELIAEV et al. 1974 ) or 0-8 (MAKINEN 1985 OEWITOÑSKI et al. 2003) . In breeding animals, between 1 and 3 B chromosomes are most often identified (OEWITOÑSKI et al. 2003) . These structures, also known as supernumerary or accessory chromosomes, are recorded as 2n=34+B (0-7). Variation in the number of B chromosomes mainly occurs among individuals, although cases of B chromosome mosaicism are also known. In terms of size and morphology, they are similar to the Y chromosome.
Arctic and silver foxes are used as models in different fields of biological sciences. Due to its living environment, the arctic fox has become a model animal for studying variation in metabolic rate resulting from seasonal availability of food (FUGLEI & ØRISTLAND 1999; . The effect of this factor on leptin and ghrelin levels in arctic foxes was studied by FUGLEI et al. (2004) and MUSTONEN et al. (2005) . Because the arctic fox is part of the terrestrial and aquatic ecosystem, it is also used as an experimental model to investigate the effect of pollution on wild organisms, including the effect of organochlorine compounds on the thyroid (SONNE et al. 2009b) , bone mineral density (SONNE et al. 2009a) and reproduction in foxes (HOEKSTRA et al. 2003) . CYBULSKI et al. (2009) studied the accumulation level of heavy metals, including lead, cadmium and mercury in the kidneys and liver of silver foxes depending on the age of animals and the impact of these factors on reproduction. In turn, VINE et al. (2009) analysed different methods for detecting and monitoring the behaviour of wild animal species using the example of the silver fox.
The study was conducted to determine the effect of different concentrations of BrdU on SCE in the karyotypes of arctic and silver foxes. Evaluation of SCE was made with particular consideration of the number and location of the chromosomes of both species.
Material and Methods
The study was performed with 12 farmed arctic foxes (Vulpes lagopus) and 12 silver foxes (Vulpes vulpes), including 6 males and 6 females of each species. The experimental animals originated from one commercial farm in eastern Poland (arctic and silver foxes) and from two commercial farms in western Poland (arctic foxes separately from silver foxes). Animals of the same age (>2 years) were kept according to EUROPEAN COMMISSION -ANIMAL WELFARE requirements (http://ec.europa.eu/agriculture/organic/ consumer-trust/animal-welfare/index_en.htm).
The study material consisted of whole peripheral blood drawn from the cephalic vein of the forearm (Vena cephalica antebrachi). Blood for analyses was collected during periodic health checks conducted by a veterinarian who routinely visited the farm (Farm Certification).
Cytogenetic analysis was performed on chromosomes from in vitro lymphocyte culture under the following conditions: time of culture 72 h, temperature 37.5ºC, constant humidity. Preliminary karyotype evaluation of the analysed species was made using the RBA staining technique (DUTRIL-LAUX et al. 1973) , modified with the use of Giemsa reagent. For this purpose, approx. 240 µg/ml of 5-bromo-2'-deoxyuridine (BrdU) was added to part of the in vitro lymphocyte culture during the last replication cycle (about 7h before the end of culture). An R-banding pattern was obtained after physicochemical reaction of UV irradiation of chromosomes for 30 min, followed by 1h incubation in 2xSSC buffer (300 mM sodium chloride and 30 mM sodium citrate, pH 7.0) at 65°C. R-bands were detected by staining the preparations with 5% Giemsa in Sorensen's buffer, pH=6.8.
To observe sister chromatid exchanges (SCE) in chromosomes, BrdU was added to the other cultures after 24h (DI BERARDINO et al. 1995) . Cell cultures for each analysed animal were performed in 3 replications to distinguish BrdU concentrations at which SCE occur spontaneously from those at which SCE are additionally induced in both fox species. Different BrdU concentrations were added to each culture: group I -0.5 µg/ml; group II -1.0 µg/ml; group III -2.5 µg/ml.
A harlequin pattern of chromosomes was generated based on the fluorescence plus Giemsa (FPG) technique according to KIHLMAN & KRONBORG (1975) . The FPG staining procedure consisted of two stages: preliminary digestion and staining with Giemsa. In the first stage chromosomes were digested with RNAse solution (10 µg/ml); incubated in Hoechst solution 33258 (0.5 µg/ml); and exposed to UV radiation. The next incubation was carried out at 4°C in darkness for 24h. On the next day, UV irradiation was repeated; preparations were incubated in 0.5xSSC (0.75M sodium chloride + 0.075M sodium citrate, pH=7.0, 58ºC), and finally the preparations were stained with 3% Giemsa (pH=6.8) for 23 min (using our own modification).
Analysis of preparations was performed using a Zeiss microscope coupled to a Nikon DS-Fi1 digital camera. Evaluation of SCE was made using NIS-Elements F2.30 software.
Multi-trait analysis of variance for four traitsinterstitial SCE, terminal SCE, centromeric SCE and total SCE -was done using the GLM procedure in SAS (SAS INSTITUTE 2014) . At first, the effects of BrdU concentration within species and for both species together were tested to choose the appropriate BrdU level. Afterwards, the effects of factors were examined for BrdU concentration of 0.5 µg/ml. The effects of sex and region were tested within species. The significance of differences between the mean values for the groups was determined by the Tukey-Kramer test. All P values of less than 0.01 were statistically highly significant.
Results
Based on the preliminary cytogenetic characteristics of the arctic and silver fox karyotypes as well as the extent of chromosomal polymorphism, 8 out of the 12 arctic foxes were found to have the heterozygous karyotype (2n=49). The normal karyotype (2n=50) and the homozygous karyotype (2n=48) were each represented by 2 animals (Table 1). A total of 55 metaphases stained by RBG technique were analysed (Fig. 1) .
For the establishment of the modal number of B chromosomes in the silver fox, due to a large variation in the number of B chromosomes (2n=34, B [0-3]), 276 chromosome plates were analysed. In the studied silver foxes, the number of B chromosomes found on the metaphase plates varied from 0 (37 plates) to 3 (44 plates). Forty four plates had 3 B chromosomes each. In 102 cells 1 B chromosome was observed and 93 plates had 2 B chromosomes each. Table 2 presents the number of animals and metaphase plates for which the modal number of B chromosomes ranged from 0 to 3. Most foxes were of the 2n=34+1B (5 animals) and 2n=34+2B karyotype (3 animals). The second largest group were animals with the 2n=34+0B and 2n=34+3B chromosome complement. In the examined group, the 2n=34+4B karyotype was observed in only one animal on two plates, but this was not the modal number of B chromosomes.
The analysis of sister chromatid exchanges (SCE) was performed on 317 differentially stained metaphase plates (Fig. 2) . In both species, all of the analysed BrdU concentrations enabled differential chromosome staining. The mean number of spontaneous SCE/cell, observed for the lowest BrdU concentration of 0.5 µg/ml, was 0.65±0.55 SCE/cell for the arctic fox and 2.33±0.76 SCE/cell for the silver fox. Higher concentrations induced additional chromatid breaks. For the BrdU concentration of 1.0 µg/ml, the mean values were 1.87±0.67 SCE/cell for the arctic fox and 3.11±0.99 SCE/cell for the silver fox. The mean number of exchanges for the BrdU concentration of 2.5 µg/ml BrdU was even higher (3.00±1.64 in the arctic fox and 5.12±1.48 SCE/cell in the silver fox) (Table 3) . Highly significant differences were noted in the mean number of SCE between the analysed BrdU concentrations in the case of the arctic fox (P<0.0001). In the silver fox, significant differences were found between the mean SCE values for the concentrations of 0.5 and 1.0 µg/ml vs. 2.5 µg/ml BrdU (P<0.0001). The BrdU concentration of 0.5 µg/ml was determined to be the dose at which SCE in both fox species occurs spontaneously.
concentration of 2.5 µg/ml BrdU was even higher (3.00±1.64 in the arctic fox and 5.12±1.48 SCE/cell in the silver fox) (Table 3) . Highly significant differences were noted in the mean number of SCE between the analysed BrdU concentrations in the case of the arctic fox (P<0.0001). In the silver fox, significant differences were found between the mean SCE values for the concentrations of 0.5 and 1.0 µg/ml vs. 2.5 µg/ml BrdU (P<0.0001). The BrdU concentration of 0.5 µg/ml was determined to be the dose at which SCE in both fox species occurs spontaneously.
SCE sites were determined on the chromosomes of the studied animals. For all the tested BrdU concentrations in the arctic fox, centromeric exchanges were more often identified than the terminal exchanges, and interstitial SCE were the least frequent (Table 3) . For the BrdU concentrations of 0.5 µg/ml and 1.0 µg/ml in the silver fox, centromeric exchanges slightly predominated over terminal SCE. Regardless of the BrdU concentration, interstitial SCE was also the least frequent type of exchange. Differences in the mean number of different exchange types between the analysed concentrations in particular species were highly significant (P<0.0001).
For the level of spontaneous SCE (0.5 µg/ml BrdU), the mean number of exchanges was 0.65±0.55 SCE/cell in the arctic fox and 2.33±0.76 SCE/cell in the silver fox (Table 3 ). In the case of the arctic fox, centromeric SCE were predominant (0.44±0.54 SCE/cell) with interstitial SCE being the least frequent (Table 3) . Furthermore, the analysis of R-and SCE-bands demonstrated that in both cases damaged sister chromatids in a given chromosome occurred at the junction of euchromatin and heterochromatin. In addition, B chromosomes stained positively with FPG were evaluated but no SCE were found in these structures. Table 4 presents the frequency of SCE depending on sex and species. In the arctic fox, total SCE was 0.73±0.45 SCE/cell in females and 0.56±0.65 SCE/cell in males. In the silver fox, the mean number of SCE was 2.36±0.38 SCE/cell in females and 2.29±0.69 SCE/cell in males. In addition, females were characterized by a greater number of exchanges than males. No interstitial exchanges were found in male arctic foxes. No significant differences between sexes were found in either silver (P=0.7073) or arctic foxes (P=0.1781) for the analysed traits (interstitial SCE, terminal SCE, centromeric SCE, total SCE).
Variation was observed in SCE number depending on the region of Poland from which the studied animals originated (Table 5 ). In the case of arctic foxes, total SCE averaged 0.52±0.51 SCE/cell in animals from eastern Poland and 0.77±0.57 SCE/cell in animals from western Poland. Likewise, silver foxes from eastern Poland had a slightly lower mean number of SCE (2.15±0.72 SCE/cell) compared to animals from the western areas (2.52±0.77 SCE/cell) ( Table 5) . No interstitial exchanges were observed in arctic foxes from eastern Poland. In both species of foxes, no significant differences (P>0.05) between the regions of origin were found for the four analysed traits. 
Discussion
There are several species within the Canidae family that are characterised by polymorphism including both arctic and silver foxes. The first species has a variable diploid number of chromosomes 2n=50,49,48; whereas the second species has additional B chromosomes in its genomes 2n=34+B.
In surveys of the extent of chromosomal polymorphism conducted in fox farms in Poland, OEWITOÑSKI (1981) found that almost 50% of the population included individuals with the heterozygous karyotype and this number was independent of the animals' sex or farm. However, JASZCZAK et al. (1987) stated that the individuals with a karyotype of 2n=48 and 2n=49 chromosomes constituted 75% of the stock. Different conclusions were drawn by MAKINEN and GUSTAVSSON (1980) as they indicated domination of the typical form of karyotypes among foxes from Scandinavian farms. Homozygous animals (2n=48) constituted a small percentage of these populations. However, a distribution of karyotypes (2n=48, 2n=49 and 2n=50) close to a 1:2:1 ratio was obtained by MØLLER et al. (1985) . In our survey of 12 arctic foxes, up to 8 individuals had the heterozygotic form of the karyotype (2n=49) which is more than 50% of the analysed group. The remaining 4 individuals were characterized by the proper karyotype 2n=50 (2 animals) and its homozygotic form 2n=48 (2 animals).
OEWITOÑSKI et al. (2003) concluded that 2 or 3 B chromosomes occur most often in the karyotype of the silver foxes. In farmed foxes, BUGNO-PONIE- WIERSKA et al. (2013) determined from 0 to 4 B chromosomes which is consistent with the results of this study. The highest proportion in the group tested by BUGNO-PONIEWIERSKA et al. (2013) was represented by karyotypes with 2 B chromosomes (almost 45%), followed by 1 supernumerary chromosome (30%) and 3 B chromosomes (more than 20%). The silver foxes have a variable number of supernumerary B chromosomes (OEWITOÑSKI et al. 2003) . In the tested group, their number among individuals varied from 0 to 4. No foxes with a modal number of B chromosomes equal to 4 were observed. The modal numbers of karyotypes 2n=34+1B and 2n=34+2B were observed in 5 and 3 foxes, respectively, without intraindividual variation. The additional modal number of chromosomes was not observed in two animals (16%). 3 B chromosomes constituted the modal value in two foxes (16%).
The applied SCE test allows for an evaluation of the impact of physical and chemical factors with potential genotoxic and mutagenic properties on living organisms (KUCHTA-G£ADYSZ et al. 2016) . SCE occurs as a result of single-strand or doublestrand breaks in the DNA strand (SZELESZCZUK et al. 2014) . Several factors able to induce this type of damage to genetic material are commonly found in the environment. Among the strong inducers of SCE are UV and X radiation and also substances used in veterinary medicine (such as chloramphenicol, mitomycin C) or agricultural bactericides and fungicides (including thymol) (WÓJCIK et al. 2004; BUYUKLEYLA & RENCUZOGULLARI 2009) . Factors that increase SCE number in animal and human cells also include benzo(á)pyrene, carbon particulates, combustion gas molecules, benzene and nicotine. These compounds are common air pollutants in urban and suburban areas (AHMED et al. 1998) . Another factor that induces SCE is bromodeoxyuridine which is used to visualize sister chromatid exchanges. Added to in vitro culture as a thymidine analogue, BrdU is incorporated into DNA and can be used to assess chromatin instability. This is because BrdU in the DNA chain is dehalogenated to uracil through the elimination of the bromide ion from the bromodeoxyuridine molecule by means of uracil-DNA glycosylase, and then uracil is embedded in the damaged single DNA strand. The increase in SCE may result from the increased number of strand breaks during the incorporation of uracil into DNA (WILSON & THOMPSON 2007; WÓJCIK & OBE 2007) . The SCE test was used in our study to determine the frequency of SCE as well as to try to specify the karyotype stability of the tested species. Due to the inducing effects of BrdU, spontaneous SCE should be estimated using the lowest possible dose enabling the observation of this phenomenon. The concentration should be adjusted individually for each species due to different sensitivities of the organisms to this factor. Researchers have used a wide range of BrdU doses to study the level of spontaneous SCE. According to LEINBENGUTH and THIEL (1986) , the optimum BrdU concentration is in the range of 15-120 µg/ml, whereas MURALI and PANNEERSELVAM (2011) used 5/10/15/20 µg/ml BrdU. In turn, a concentration of 10 µg/ml was used by DI MEO et al. (1993) , AHMED et al. (1998 ), CIOTOLA et al. (2005 , PERETTI et al. (2008) and W [JCIK et al. (2011) . WILSON & THOMPSON (2007) believed that spontaneous SCE occurs when BrdU concentrations are low or close to zero. A similar view was held by DI BER- ARDINO et al. (1995; 1996; 1997) who used BrdU in concentrations of 0.1/0.25/0.5/1.0/2.5/5.0 µg/ml and showed that spontaneous SCE occurs with 0.1 µg/ml in cattle and sheep, and with 0.25 µg/ml BrdU in goats. Analysing spontaneous SCE in cats, SZELESZCZUK et al. (2014) used 5 concentrations of BrdU (0.25/0.5/1.0/2.5/5.0 µg/ml) and considered the 0.5 µg/ml concentration as sufficient for analysing spontaneous SCE in this species. The same doses were used in tests of chinchillas by KUCHTA-G£ADYSZ et al. (2015) who reported that spontaneous SCE in the chinchilla occurred with the dose 0.5 µg/ml.
Because of the negative result in differential dyeing of SCE by means of FPG method using the concentration of 0.25 µg/ml of by SZELESZCZUK et al. (2014) and KUCHTA-G£ADYSZ et al. (2015) , we applied 3 different doses of BrdU (0.5/1.0/2.5 µg/ml) to identify the concentration of the level of spontaneous SCE in arctic and silver foxes. It was revealed that spontaneous SCE occured in both fox species at a dose of 0.5 µg/ml.
The average frequency of occurrence of SCE was analysed in various species of animals and amounted to 3.38 in domestic cats (SZELESZCZUK et al. 2014 ), 3.40 in chinchillas (KUCHTA-G£ADYSZ et al. 2015 , 2.69 in rabbits and 1.41 in coypus (KUCHTA-G£ADYSZ et al. 2016 ), 5.99 in cattle (CIOTOLA et al. 2005 , from 2.73 to 6.62 in goats (WÓJCIK & SMALEC 2012; DI MEO et al. 1993) , 5.14 in horses (WÓJCIK et al. 2011) and 7.86 SCE/cell in sheep (SIVIKOVA & DIANOVSKY 1995) . Visible differences in the amount of spontaneous SCE were observed by DI BERARDINO et al. (1997) who compared the results of their work conducted on different animal species including cattle, goats, sheep and buffalo. SCE occured at the level of 2.48 SCE/cell in cattle (DI BERARDINO et al. 1995) , 3.28 for goats (DI BERARDINO et al. 1996) 4.08 in sheep (DI BE- RARDINO et al. 1997 ) and 6.66 SCE/cell in buffalo. The greater frequency of exchanges in sheep and buffalo in comparison to goats and cattle could result from properties of the species karyotype and from the various numbers of double-stranded chromosomes. Among the analysed species, the number of biarmed chromosomes varied from 10 in buffalo to 6 in sheep whereas cattle and goats had no biarmed chromosomes (DI BERARDINO et al. 1997) . On the basis of the tests performed on foxes, it was revealed that the average value was at the level of 0.65 SCE/cell in the arctic fox and 2.33 SCE/cell in the silver fox. These differences can result from the influence of supernumerary B chromosomes in the cells of the silver fox. The unconventional behaviour of B chromosomes during cell division and their non-Mendelian inheritence (CAMACHO et al. 2000; BUGNO-PONIEWIERSKA et al. 2013b) could cause a greater frequency of exchanges with the lowest tested concentration of BrdU. In contrast, the centric translocation in arctic foxes does not cause mitosis disorders and is inherited according to Mendelian principles (MØLLER et al. 1985) . However, because of the presence of this aberration, a higher SCE level in the arctic fox may be expected. On the other hand, the presence of B chromosomes in the karyotype of the silver fox can significantly decrease the genetic stability of the genome of this species (MAKUNIN et al. 2014) . There are studies revealing that B chromosomes impact chromosomal segregation during meiotic division (VUJOSEVIC & BLAGOJEVIC 2004; BASHEVA et al. 2010) . However, their role is not fully known. The increase of SCE level in the cells of the tested species depending on the dose seems of interest. In the case of the silver fox, the increase of SCE frequency by 1/3 (3.11) at the level of 1.0 µg/ml BrdU and over 4.5-times (5.12) higher value with the highest dose of BrdU 2.5 µg/ml were found and the differences are statistically significant (P<0.0001). In case of the arctic fox, the differences in exchange frequency depending on BrdU concentration were highly significant (P<0.0001) with every used dose as their increase was 3-times higher with 1.0 µg/ml of BrdU and over 4.5-times higher for 2.5 µg/ml of BrdU. Such a rapid increase may be connected with the presence of the greater amount of biarmed chromosomes as DI BERARDINO et al. (1997) suggest in their surveys. Arctic foxes in comparison with silver foxes have 45-47 biarmed chromosomes in their karyotype whereas the silver fox has only 33 such chromosomes (MAKINEN 1985; BUGNO-PONIEWIERSKA et al. 2015) .
Sister Chromatid Exchange in Arctic and Silver Fox
The site of SCE occurrence within a chromosome was examined. In the arctic fox, 68% centromeric exchanges (0.44 SCE/cell) were found and less than 28% (0.18 SCE/cell) were terminal exchanges. The significant saturation with heterochromatin (on 10 pairs of chromosomes on the strands (MAKINEN et al. 1985) ) of the arctic fox's karyotype is mainly responsible for the placement of SCE sites next to centromeric regions. However, the silver fox was characterized by approximate SCE frequency in centromeric and terminal regions which was 42% (0.98 SCE/cell) and 40% (0.94 SCE/cell), respectively, and SCE placement was synchronized with the junction of eu-and heterochromatin in this karyotype. Exchanges on B chromosomes were not revealed in the silver fox. KUCHTA-G£ADYSZ et al. (2015) found a predominance of SCE in regions next to centromeres (59%) in chinchillas. The exchange frequency in the distal part was determined at the level of 39%. Telomeric exchanges dominated in cats and comprised 65% of SCE (SZELESZCZUK et al. 2014) . The occurrence of SCE on the junction of euchromatin and heterochromatin was described by WÓJCIK and SMALEC (2012) as well as KUCHTA-G£ADYSZ et al. (2015) .
One of important factors that impact the amount of SCE is the sex of an individual. We did not find significant differences between sexes of either fox species (P>0.05) after the analyses of interstitial, terminal, centromeric and total SCE. Similar observations concerned horses (WÓJCIK et al. 2011 ), goats (DI MEO et al. 1993 WÓJCIK & SMALEC 2012) and chinchillas (KUCHTA-G£ADYSZ et al. 2015) .
The foxes originated from the area of eastern and western Poland. The region of Poland had no significant effect (P>0.05) on the frequency of SCE phenomenon. However, the average number of SCE in animals from eastern Poland was 0.52 SCE/cell in arctic foxes and 2.15 SCE/cell in silver foxes. On the other hand, the numbers of 0.77 SCE/cell in the arctic foxes and 2.52 SCE/cell in the silver foxes was found in the case of animals from western Poland (Table 5 ). The differences that occurred in the amount of SCE in both fox species also result from a different location of farms. The farm in eastern Poland is situated in the vicinity of forests and small farms with ecological agriculture. The farms from the area of western Poland are located in areas with high intensity agriculture and close to urban agglomerations. However, the surveys did not include the tests from the range of influence of a specific environmental factor. SIVIKOVA and DIANOVSKY (1995) tested the impact of the mixture of metals which usually occur in the polluted area. They revealed significant differences between the control group (7.86 SCE/cell) and the polluted area (9.17 and 9.28 SCE/cell). AHMED et al.
(1998) analysed the frequency of SCE phenomenon in animals from agricultural areas and areas where the animals are exposed to pollutants. The average number of SCE for the animals from agricultural areas was 8.3 SCE/cell and from polluted areas it was 11.8 SCE/cell with significant differences between these groups. The high SCE level in buffalo from the polluted regions could result from the exposure of these animals to air pollutants.
The surveys proved that various concentrations of BrdU as a genotoxicant significantly influence the induction of SCE in karyotypes of arctic and silver foxes. This process is a normal phenomenon in karyotypes but in determined methodical conditions. In the case of arctic and silver foxes, SCE is of spontaneous character when the concentration of BrdU is 0.5 µg/ml and a higher concentration additionally evoked SCE and thus this substance cannot be used as an indicator in the SCE test. Thereby, testing the impact of BrdU on the amount sites of SCE in karyotypes of selected species of Canidae such as the arctic and silver foxes, methodical conditions of SCE test for further surveys of biomonitoring of the environment for these species were also determined. Moreover, a further feature of karyotypes, the number of spontaneous SCEs, was indicated.
